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We calculate the masses of χc(2P ) and χb(3P ) states with threshold corrections in a coupled-
channel model. Here, the meson quarkonium core is augmented by higher Fock components due to
pair-creation effects. According to our results, we interpret the resonances characterized by very
small threshold corrections, like χb(3P )’s, as almost pure quarkonia, and those states characterized
by non-negligible threshold corrections, like the X(3872), as quarkonium cores plus meson-meson
components. We also study the J/ψρ and J/ψω hidden-flavor strong decays of the X(3872). The
decays are calculated as the dissociation of one of these components (D0D¯0∗) into a cc¯ state (J/ψ)
plus a light meson (ρ or ω) in a potential model. In particular, our result for the ratio between
the X(3872) → J/ψω and J/ψρ widths (0.6) is compatible with the present experimental data
(0.8± 0.3) within the experimental error.
I. INTRODUCTION
In the latest years, several new quarkonium-like states,
the so-called XY Z mesons, have been included in the
PDG [1]. Some of them can be interpreted as standard
cc¯ or bb¯ mesons, namely they can be described in terms
of a QQ¯ valence component only. Others show unusual
properties, and thus cannot be accommodated within a
standard quarkonium picture; in some cases, the situa-
tion is even more complicated, e.g. when only the exper-
imental mass of the state is provided, without the pos-
sible quantum numbers and decay modes. Some exam-
ples include the X(3872) [2–4], X(4140) [5] and X(4260)
[6]. The previous states are labeled as suspected ex-
otics and interpreted as compact tetraquark states [7–
18], meson-meson molecules [19–29], the result of kine-
matic or threshold effects caused by virtual particles [30–
39], hadro-quarkonia (hadro-charmonia) [40–49], or the
rescattering effects arising by anomalous triangular sin-
gularities [50–52]; see also Ref. [53], where the X(4260),
with 1−− quantum numbers, was interpreted as a mem-
ber of the first hybrid supermultiplet. For a review, see
Refs. [54–56].
The quark structure of the X(3872), discovered by
Belle in B meson decays [2], is still an open puzzle.
This resonance has 1++ quantum numbers, a very narrow
width, and a mass far below quark model (QM) predic-
tions [1, 57–61]. This is why the pure charmonium inter-
pretation of the X(3872) as a χc1(2
3P1) state is incom-
patible with the present experimental data. However,
the charmonium picture provides precise estimations for
other observables, suggesting that the wave function of
the X(3872) may contain a non-negligible charmonium
component [62]. Because of this, a possible solution to
the X(3872) puzzle is to describe the meson as a cc¯ core
plus continuum effects, i.e. as a mixture between char-
monium and molecular-type components [31, 33, 35, 62].
The weights of the cc¯ and meson-meson components in
the wave function of the X(3872) vary widely, according
to the particular model one considers [34, 62, 63].
The χb(3P ) system was discovered by ATLAS in 2012
[64] and later confirmed by D0 [65]. The two collabora-
tions gave an estimate of the multiplet mass barycenter,
but they did not provide results for the mass splittings
between the members of the multiplet. It is worth noting
that in Ref. [65] the authors stated: “Further analysis is
underway to determine whether this structure is due to
the χb(3P ) system or some exotic bottom-quark state”.
Indeed, χb(3P ) resonances are not very far from the
first open-bottom decay thresholds. Thus, in principle,
their wave functions may include non-negligible contin-
uum components [36, 39, 66]. The previous exotic inter-
pretations seem to be in contrast with the recent CMS re-
sults for the masses of the χb1(3P ), 10513.42±0.41±0.18
MeV, and χb2(3P ), 10524.02± 0.57± 0.18 MeV [67].
In this paper, we discuss the interpretation of
quarkonium-like exotics as QQ¯ cores plus (higher Fock
or molecular-like) meson-meson components. The start-
ing point is the spectrum. Here, differently from the case
of Refs. [35, 36], we do not perform a global fit to the
quarkonium spectrum. We use a coupled-channel model,
where the quarkonium core is augmented by higher Fock
components due to virtual particles, and extract the
net threshold corrections within a multiplet after a cer-
tain zero-mode energy is subtracted. The latter is just
the smallest self-energy correction (in terms of absolute
value) of a multiplet member. According to the previ-
ous procedure, we can interpret the resonances with zero
or very small net threshold correction, like χb(3P )’s, as
pure or almost pure quarkonia, while the states with non-
negligible net threshold correction, like the X(3872), as
quarkonium cores plus meson-meson components.
We also study the hidden-flavor J/ψρ and J/ψω tran-
sitions of the X(3872). The J/ψρ and J/ψω decay am-
plitudes are computed by combining a coupled-channel
2formalism [35, 36, 62, 68, 69] with the nonrelativis-
tic diagrammatic approach to meson-meson scattering
of Refs. [70, 71]. Specifically, the formalism of Refs.
[35, 36, 62, 68, 69] is used to include meson-meson (or
continuum) components, like DD¯∗, in the pure cc¯ wave
function of the χc1(2
3P1). Then, the dissociation matrix
elements of the D0D¯0∗ component into J/ψ plus ρ or ω
are calculated as the low-energy scattering and quark re-
combination of D0 and D¯0∗ mesons in a potential model
[70, 71]. Finally, our results are compared with the ex-
isting experimental data [1]. It is worth noting that our
result for the ratio between the X(3872) → J/ψω and
X(3872) → J/ψρ widths, i.e. 0.6, is is compatible with
the present experimental data, i.e. 0.8±0.3 [1, 72], within
the experimental error.
II. THRESHOLD MASS-SHIFTS IN χc(2P ) AND
χb(3P ) MULTIPLETS
A. Threshold mass-shifts in a coupled-channel
model
We study the properties of χc(2P ) and χb(3P )
quarkonium-like states by means of a coupled-channel
model, where the quarkonium core is augmented by
higher Fock components due to virtual particle effects.
To leading order in pair creation, the quarkonium-like
meson wave function can be written as [30, 35, 36, 62,
68, 69]
|ψA〉 = N
[
|A〉+
∑
BCℓJ
∫
q2dq |BCqℓJ〉
〈BCqℓJ |T † |A〉
Ma − Eb − Ec
]
.
(1)
Here, |ψA〉 is made up of a zeroth order quark-antiquark
configuration, |A〉, plus a sum over all the possible
higher Fock components, |BC〉, due to the creation of
quark-antiquark pairs with vacuum quantum numbers.
The sum is extended over a complete set of interme-
diate meson-meson states, |BC〉, with energies Eb,c =√
M2b,c + q
2; Ma is the physical mass of the meson A; q
and ℓ are the relative radial momentum and orbital an-
gular momentum of B and C, and J is the total angular
momentum, with J = Jb + Jc + ℓ.
Below, we discuss a coupled-channel model to compute
the physical masses of quarkonium-like mesons,Ma, with
threshold corrections. This is done under the following
hypotheses: a) Only the closest complete set of accessi-
ble SU(N)flavor⊗ SU(2)spin open-flavor meson-meson in-
termediate states (e.g. 1S1S, 1S1P or 1S2S) can influ-
ence the multiplet structure1. The other (lower or upper)
meson-meson thresholds, which are further in energy, are
1 In the case of quarkonium states around the opening of the first
open-flavor decay thresholds, the closest complete set of open-
flavor intermediate states is easy to identify. For example, in
supposed to give some kind of global or background con-
tribution, which can be subtracted2; b) The presence of
a certain complete set of open-flavor intermediate states
does not affect the properties of a single resonance, but
it influences those of all the multiplet members. Thus,
the net effect of the intermediate states on a quarkonium-
like meson multiplet is similar to that of a spin-orbit or
hyperfine splitting.
Given this, the physical masses of the multiplet mem-
bers are computed as
Ma = Ea +Σ(Ma) + ∆ . (2)
Here, Ea is the bare mass of meson A, whose value is ex-
tracted from the relativized QM predictions of Ref. [58].
Σ(Ma) =
∑
BC
∫ ∞
0
q2dq
∣∣〈BCqℓJ |T † |A〉∣∣2
Ma − Eb − Ec
(3)
is a self-energy correction, where the sum is extended
over a complete set of intermediate meson-meson states
BC. ∆ is the smallest self-energy correction (in terms
of absolute value) of the multiplet (see Secs. II B and
IIC). The model parameters, which we need in the cal-
culation of the 〈BCqℓJ |T † |A〉 vertices, were fitted to the
open-flavor strong decays of charmonia [35, Table II] and
bottomonia [36, Table I]; see also [73, Table II]. There-
fore, for each multiplet, there is only one free parameter,
∆.
B. χc(2P ) multiplet
We calculate the threshold mass shifts of the χc(2P )
multiplet members due to a complete set of ground state
1S1S meson loops, like DD¯, DD¯∗, and so on.
the case of the χc(2P ) multiplet, we consider a complete set of
1S1S open-flavor intermediate-state mesons. They include DD¯,
DD¯∗, D∗D¯∗, DsD¯s, DsD¯∗s , D
∗
s D¯
∗
s , ηcηc, ηcJ/ψ, and J/ψJ/ψ;
see Table II. If one deals with higher-lying quarkonium states,
the identification of the relevant intermediate states may rep-
resent a more subtle task. This is because at higher energies
several open-flavor decay thresholds, made up of meson-meson
pairs with different combinations of angular momenta and prin-
cipal quantum numbers, lie closer to one another.
2 This is an attempt to solve one of the main problems of the
unquenched quark model [30–39], its well-known lack of conver-
gence. Indeed, as the tower of meson-meson intermediate states
is enlarged, the contribution of continuum or sea components to
hadron observables keeps growing indefinitely.
3FIG. 1. Masses of the χc(2P ) multiplet members with
threshold corrections. Blue boxes, dashed and continuous
lines stand for experimental [1], calculated bare and physi-
cal masses, respectively.
The values of the bare masses, Ea, are extracted from
the relativized model [58], those of the physical masses,
Ma, from the PDG [1], with the exception of hc(2P ). As
the latter state is still unobserved, for its physical mass
we use the same value as the bare one [58]. The self-
energy corrections, Σ(Ma), are computed as discussed in
Sec. II A, using the model parameter values of Refs. [35,
62]; we get: Σ(Mhc(2P )) = −119 MeV, Σ(Mχc0(2P )) =
−103 MeV, Σ(Mχc1(2P )) = −168 MeV, Σ(Mχc2(2P )) =
−133 MeV. Thus, ∆ = Σ(Mχc0(2P )). Finally, in Table I
we report the values of the calculated physical masses of
the χc(2P ) multiplet members. See also Figure 1.
It is worth noting that: I) Our theoretical predictions
agree with the data within the typical error of a QM
calculation, of the order of 30 − 50 MeV; II) Among
the χc(2P ) multiplet members, the χc1(2P ) receives the
largest contribution from the continuum. This non-
negligible continuum contribution, resulting in a large
self-energy correction, is necessary to lower the rela-
tivized QM prediction, 3.95 GeV, towards the observed
value of the mass, 3871.69 MeV [1]; III) In the χc(2P )
case, threshold effects break the usual mass pattern of a
χ-type multiplet, namely Mχ0 < Mχ1 ≈Mh < Mχ2 .
State Ea Σ(Ma)−∆ M
th
a M
exp
a
[MeV] [MeV] [MeV] [MeV]
hc(2P ) 3956 −16 3940 –
χc0(2P ) 3916 0 3916 3918
χc1(2P ) 3953 −65 3888 3872
χc2(2P ) 3979 −30 3949 3927
hb(3P ) 10541 −4 10538 10519
†
χb0(3P ) 10522 0 10522 10500
†
χb1(3P ) 10538 −2 10537 10512
χb2(3P ) 10550 −7 10543 10528
†
TABLE I. Comparison between the experimental masses [1]
of χc(2P ) and χb(3P ) states and theoretical predictions, as
explained in the text. The bare masses, Ea, are extracted
from Refs. [58, 74]. The experimental results denoted by †
are extracted from Ref. [74], where the authors used predicted
multiplet mass splittings in combination with the measured
χb1(3P ) mass.
C. χb(3P ) multiplet
We calculate the mass shifts within the χb(3P ) multi-
plet due to 1S1S meson loops. The values of the phys-
ical masses are extracted from Refs. [1, 74], those of
the bare masses from Ref. [74]. The self-energy cor-
rections are calculated with the model parameter val-
ues of Ref. [36]; we get: Σ(Mhb(3P )) = −116 MeV,
Σ(Mχb0(3P )) = ∆ = −112 MeV, Σ(Mχb1(3P )) = −114
MeV, Σ(Mχb2(3P )) = −119 MeV. Finally, in Table I we
report the values of the calculated physical masses of the
χb(3P ) multiplet members and compare them with the
experimental data.
According to our results: I) The threshold effects are
supposed to be negligible and compatible with zero in the
χb(3P ) case. Because of this, we interpret χb(3P ) states
as (almost) pure bottomonia; II) Unlike the χc(2P ) case,
the usual mass pattern within a χ-type multiplet, namely
Mχ0 < Mχ1 ≈Mh < Mχ2 , is now respected.
Our predictions are in agreement with those of Refs.
[58, 74] within the error of a QM calculation. On the con-
trary, the results of Refs. [36, 39] and the phenomenolog-
ical predictions of Ref. [66] would suggest the presence of
non-negligible mixing effects between χb(3P ) states and
continuum or molecular-type components. Recent ex-
perimental data from CMS [67], Mχb1(3P ) = 10513.42±
0.41± 0.18 MeV and Mχb2(3P ) = 10524.02± 0.57± 0.18
MeV, seem to agree with the present results for the mass
patterns within the χb(3P ) multiplet.
III. CONTINUUM COMPONENTS IN A
COUPLED-CHANNEL MODEL
The operator T † of Eq. (1) induces a continuum com-
ponent in an initially pure valence state |A〉 [68]. The
procedure to calculate the norm of this continuum com-
ponent is discussed in the following.
We define the ratio
Ri =
Σ(Mi)−∆
Σ(Mi)
, (4)
where Σ(Mi) is the self-energy correction of Eq. (3),
the free parameter ∆ is defined in Eq. (2), and the in-
dex i = 1, ..., Nmult identifies each member of the meson
multiplet with Nmult components. For example, in the
χc(2P ) case we have Nmult = 4, with 1 → hc(2P ), ...,
4 → χc2(2P ). For each member of the multiplet, we
also define an effective and renormalized pair-creation
strength
γ˜eff0,i = γ
eff
0
√
Ri , (5)
where the effective pair-creation strength, γeff0 , is that of
[68, Eq. (12)]. After doing this, we can calculate the
norm of the continuum (or molecular-type) component
4State JPC BB¯ BB¯∗, B¯B∗ B∗B¯∗ BsB¯s BsB¯∗s , B¯sB
∗
s B
∗
s B¯
∗
s BcB¯c BcB¯
∗
c , B¯cB
∗
c B
∗
c B¯
∗
c ηbηb ηbΥ ΥΥ
hb(3
1P1) 1+− – ℓ = 0, 2 ℓ = 0, 2 – ℓ = 0, 2 ℓ = 0, 2 – ℓ = 0, 2 ℓ = 0, 2 – ℓ = 0, 2 –
χb0(3
3P0) 0++ ℓ = 0 – ℓ = 0, 2 ℓ = 0 – ℓ = 0, 2 ℓ = 0 – ℓ = 0, 2 ℓ = 0 – ℓ = 0, 2
χb1(3
3P1) 1++ – ℓ = 0, 2 ℓ = 2 – ℓ = 0, 2 ℓ = 2 – ℓ = 0, 2 ℓ = 2 – – ℓ = 2
χb2(3
3P2) 2++ ℓ = 2 ℓ = 2 ℓ = 0, 2 ℓ = 2 ℓ = 2 ℓ = 0, 2 ℓ = 2 ℓ = 2 ℓ = 0, 2 ℓ = 2 – ℓ = 0, 2
State JPC DD¯ DD¯∗, D¯D∗ D∗D¯∗ DsD¯s DsD¯∗s , D¯sD
∗
s D
∗
s D¯
∗
s ηcηc ηcJ/ψ J/ψJ/ψ
hc(21P1) 1+− – ℓ = 0, 2 ℓ = 0, 2 – ℓ = 0, 2 ℓ = 0, 2 – ℓ = 0, 2 –
χc0(23P0) 0++ ℓ = 0 – ℓ = 0, 2 ℓ = 0 – ℓ = 0, 2 ℓ = 0 – ℓ = 0, 2
χc1(23P1) 1++ – ℓ = 0, 2 ℓ = 2 – ℓ = 0, 2 ℓ = 2 – – ℓ = 2
χc2(23P2) 2++ ℓ = 2 ℓ = 2 ℓ = 0, 2 ℓ = 2 ℓ = 2 ℓ = 0, 2 ℓ = 2 – ℓ = 0, 2
TABLE II. Meson-meson higher Fock components, |BC〉, in heavy-quarkonium-like meson wave functions, |ψA〉. The relative
orbital angular momentum between B and C, ℓ, is also shown. The symbol – means that the A → BC coupling is forbidden
by selection rules. In the case of cc¯− cc¯ and bb¯− bb¯ intermediate states, like ηcηc or ηbηb, the quantum number selection rules
also include G-parity conservation. For the definition of pseudoscalar-vector states, like D±D∗∓, we follow the prescription of
Refs. [21, 23, 25]. Specifically, we write the pseudoscalar-vector molecular-type states as linear combinations of P V¯ and P¯V
components with To¨rnqvist’s relative sign convention, namely C
∣
∣P V¯ ± P¯V
〉
= ±
∣
∣P V¯ ± P¯ V
〉
.
for each member of the multiplet via [68]
P seaa =
∑
BCℓJ
∫ ∞
0
q2dq
∣∣〈BCq ℓJ |T † |A〉∣∣2
(Ma − Eb − Ec)2
, (6)
where we replace the effective pair-creation strength, γeff0 ,
in the vertex, 〈BCq ℓJ |T † |A〉, with the effective and
renormalized pair-creation strengths of Eq. (5), γ˜eff0,i. For
example, in the X(3872) case γ˜0,X(3872) = 0.623 γ0.
Finally, as an example, we provide results for the nor-
malization of the continuum and valence components of
the X(3872) in Table III.
State Component Probability
X(3872) or χc1(2
3P1) DD¯
∗ 0.816
D∗D¯∗ 0.028
DsD¯
∗
s 0.005
D∗s D¯
∗
s 0.003
J/ψJ/ψ ≈ 0
TOT sea (continuum) 0.853
valence 0.147
TABLE III. Probability to find the X(3872) or χc1(2
3P1)
in its valence, P vala , or meson-meson continuum component,
P seaa , calculated via Eq. (6). The two probabilities are related
by P vala = 1− P
sea
a .
IV. J/ψρ AND J/ψω HIDDEN-FLAVOR
TRANSITIONS OF THE X(3872) IN A
COUPLED-CHANNEL MODEL
We calculate J/ψρ and J/ψω hidden-flavor transitions
of the X(3872) in a coupled-channel model [35, 36, 68,
69].
The transitions can be seen as two-step processes. At
a first stage, the cc¯ χc1(2
3P1) meson is “dressed” with
open-charm meson-meson continuum components, like
DD¯, DD¯∗, and so on [62, Table VIII and Eqs. (14)]. This
is done by means of the formalism of Refs. [35, 36, 62, 68].
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FIG. 2. The four diagrams which contribute to the scattering
amplitude [70, 71]. The numbers 1, 2, 3 and 4 indicate the va-
lence quarks (antiquarks) before recombination; the labels 5,
6, 7 and 8 indicate the valence quarks after the recombination
process has taken place.
The wave function of the X(3872) is thus made up of a
χc1(2
3P1) core – indicated as |A〉 in [62, Eq. (12)] – plus
open-charm DD¯, DD¯∗, ... higher Fock components – in-
dicated as |BC〉 in [62, Eq. (12)]. At a second stage,
the D0D¯0∗ continuum component of the X(3872) disso-
ciates into a cc¯ meson, J/ψ, and a light one, ρ or ω –
indicated as |D〉 and |E〉 in Eqs. (13) and (14). The
BC → DE scattering (or dissociation) amplitudes are
computed with the non-relativistic potential model for-
malism of Refs. [70, 71] and Sec. IVA where, for simplic-
ity, we consider a single harmonic oscillator parameter,
α = 0.5 GeV, for the wave functions of the five mesons,
A, B, C, D and E.
A. Diagrammatic approach to meson-meson
scattering
In this section, we briefly remind the diagrammatic
approach to meson-meson scattering of Refs. [70, 71].
The Hamiltonian of the model is3
5H = H0 +HI =
∑
i
−
~
2
2mi
∇2i +
∑
i<j
Hij , (7)
where
Hij =
λai
2
λaj
2
[
αs
rij
− 3β4 rij −
8παs
3mimj
Si · Sjδ(rij)
]
, (8)
λai and λ
a
j are Gell-Mann color matrices and rij is the
relative coordinate between the quarks i and j; see Fig.
2. The matrix elements of the interacting Hamiltonian
are given by
〈DE|HI |BC〉 = δ(Pi −Pf) hfi , (9)
wherePi = Pb+Pc and Pf = Pd+Pe are initial and final
momenta of the meson-meson pair, respectively. There
are four diagrams which contribute to the BC → DE
scattering amplitude (see Fig. 2). The matrix elements
hfi of a particular diagram can be written as the product
of five contributions
hfi = SIflavorIcolorIspinIspace , (10)
where S = −1, resulting from the permutation of fermion
operators in the scattering matrix elements, is the “sig-
nature” phase. Iflavor, Icolor and Ispin are flavor, color and
spin matrix elements, respectively, and Ispace the spatial
matrix element of the potential of Eq. (8) [70].
As an example, we calculate the spatial matrix element
of the spin-spin potential,
Vss = −
8παs
3mimj
Si · Sj
1
(2π)3
∫
d3rije
ipij ·rij δ(rij)
= − 1(2π)3
8παs
3mimj
Si · Sj
, (11)
in the case of the capture 1 (c1) diagram of Fig. 2; one
has [70]
Ic1,ss = −
1
(2π)3
8παs
3m1m4
S1 · S4
∫
d3k′ Φ∗d
(
k
′ − 12Pd
)
×
∫
d3k Φ∗e
(
k− 12Pb
)
Φb
(
k+ 12Pd
)
Φc
(
k− 12Pd
)
= − 1(2π)3
8παs
3m1m4
S1 · S4 (2π)3/2 Ψ∗d(0)
∫
d3k
× Φ∗e
(
k− 12Pb
)
Φb
(
k+ 12Pd
)
Φc
(
k− 12Pd
)
.
(12)
The matrix elements of Eq. (9) are calculated by taking
Pd along the zˆ axis. Finally, the BC → DE cross section
is given by:
σbc→de =
(2π)4EbEcEdEe
E2bc
|Pd|
|Pb|
∫
dΩb |hfi|
2 . (13)
3 The Hamiltonians used to compute the bare meson masses, [58,
Eqs. (2)], and the meson-meson scattering amplitudes, Eq. (7)
and [70, Eqs. (1) and (2)], do not coincide. Our choice is moti-
vated by the fact that the relativized quark model [58] is char-
acterized by a very complicated Hamiltonian; its usage would
make the calculation of the scattering amplitudes of Fig. 2 a
tough task. While in principle it is true that one should use the
same quark-quark interaction both to bind mesons and calculate
their scattering amplitudes, a more rigorous calculation is out of
the scope of the present paper.
B. Results
Analogously to what is done in the positronium case
[75], the decay amplitude is written as
Γ =
[∫
P 2b dPb
|〈A|T †|BC〉|2
(Ma−Ebc)2+Γ
2
a
4
|vb − vc|σbc→de
]
|ΨBC(0)|
2
,
(14)
where the term in square brackets is the convolution
product between a distribution function, describing the
probability to find the |BC〉 =
∣∣D0D¯0∗〉 component in
the wave function of |A〉 = |X(3872)〉 [62, Table VIII],
|vb − vc| is the difference between the velocities of the
mesons B and C, and
Γ2a
4 [where Γa is the experimental
total width of the X(3872)] in the denominator is neces-
sary for the convergence of the calculation, the mass of
theX(3872) being very close to theD0D¯0∗ threshold [62].
We also have to multiply the amplitude by |ΨBC(0)|
2
,
which is the squared wave function of the BC molecule
evaluated in the origin, namely its probability density.
The harmonic oscillator parameter of ΨBC(r), αbc, is de-
termined from the condition∫
d3r Ψ∗BC(r) r ΨBC(r) = 〈r〉
molecule
X(3872) ; (15)
here, 〈r〉moleculeX(3872) ≃
1√
2µEb ≃ 10 fm is the dimension of the
X(3872) in the D0D¯0∗ molecular interpretation, where µ
is the D0D¯0∗ reduces mass and Eb its binding energy. To
get results, the width of Eq. (14) has to be integrated
over the Breit-Wigner mass distribution of the ρ and ω
mesons, because MJ/ψ +Mρ/ω > MD0 +MD¯0∗ .
Finally, the results of our calculation are:
ΓX(3872)→J/ψρ = 10 keV (16)
and
ΓX(3872)→J/ψω = 6 keV . (17)
It is worth noting that our result for the ratio between
the X(3872)→ J/ψω and X(3872)→ J/ψρ amplitudes,
ΓthX(3872)→J/ψω
ΓthX(3872)→J/ψρ
= 0.6 , (18)
is compatible with the present experimental data [1, 72],
ΓexpX(3872)→J/ψω
ΓexpX(3872)→J/ψρ
= 0.8± 0.3 , (19)
within the experimental error. See also Table IV, where
the result of Eq. (18) is compared to those of other cal-
culations.
In Ref. [60], the author estimated the ratio between
theX(3872)→ J/ψω and J/ψρ amplitudes, Rω/ρ ≈ 2, in
a semi-quantitative way, in which both J/ψρ and J/ψω
are produced through D- and D¯∗-exchange between the
6TABLE IV. Our theoretical result for the ratio between the
amplitudes X(3872) → J/ψω and X(3872) → J/ψρ is com-
pared to those of other studies and the experimental data [1].
Source Value of
ΓX(3872)→J/ψω
ΓX(3872)→J/ψρ
Experiment [1] 0.8± 0.3
Ref. [60] ≈ 2
Ref. [76] 1.0± 0.3
Ref. [77] 0.42
Ref. [78] 1.27 − 2.24
Ref. [79] 1.4
Ref. [80] 0.58 − 0.92
Present work 0.6
DD¯∗ pair. In Ref. [76], the ratio between the X(3872)→
J/ψρ and J/ψω widths was calculated by using the re-
scattering mechanism and effective Lagrangians, based
on the chiral symmetry and heavy quark symmetry.
The final result for the ratio is Rρ/ω = 1.0 ± 0.3. In
Ref. [77], the description of the X(3872) as a D0D¯0∗
molecule is analyzed within the framework of both one-
pion-exchange and one-boson-exchange models and the
result for the ratio between the X(3872)→ J/ψ 3π and
J/ψ 2π widths is 0.42. In Ref. [78], the authors cal-
culated the ratio between the X(3872) → J/ψ 3π and
J/ψ 2π widths, Rω/ρ = 1.27 − 2.24, in a cc¯-two-meson
hybrid model, where the two-meson state consists of the
D0D¯0∗, D+D¯−∗, J/ψρ and J/ψω channels.
V. CONCLUSION
We calculated the masses of χc(2P ) and χb(3P ) states
with threshold corrections in a coupled-channel model.
In our approach, the quarkonium core of the mesons of
interest is augmented by higher Fock components due to
pair-creation effects [35, 36, 68]. The pair-creation mech-
anism is inserted at the quark level and the one-loop di-
agrams are computed by summing over a complete set
of accessible SU(N)f ⊗ SU(2)s ground-state mesons. In
order to calculate the mass shifts within a certain meson
multiplet, we made the following hypotheses: a) Only the
closest complete set of meson-meson open-flavor interme-
diate states can influence the multiplet structure. The
other (lower or upper) meson-meson thresholds, which
are further in energy, are supposed to give some kind
of global or background contribution, which can be sub-
tracted; b) The presence of a complete set of meson-
meson open-flavor intermediate states does not affect the
properties of a single resonance, but it influences the be-
havior of all the multiplet members. In our interpreta-
tion, the χc0(2P ) is pure charmonium, while the χc1(2P )
and χc2(2P ) are characterized by a relevant threshold
component; the χb(3P ) states are (almost) pure bot-
tomonia. The possible importance of coupled-channel
effects within a certain quarkonium multiplet depends on
the energy distance between the meson-meson thresholds
and the masses of the multiplet members. For example,
in the χc(2P ) multiplet, the X(3872)−DD¯∗ energy dif-
ference is of the order of 1 MeV, while in the χb(3P ) case
the closest open-flavor thresholds are a few tens of MeV
away.
We also calculated the X(3872) → J/ψρ and J/ψω
hidden-flavor strong decays. The transitions can be seen
as two-step processes. At a first stage, the cc¯ core
of the X(3872) is “dressed” with open-charm meson-
meson continuum components, like DD¯, DD¯∗, and so
on [35, 36, 62, 68]. At a second stage, the D0D¯0∗ con-
tinuum component of the X(3872) dissociates into a cc¯
meson, J/ψ, and a light one, ρ or ω. The dissociation
amplitude is computed with the non-relativistic poten-
tial model formalism of Refs. [70, 71] and Sec. IVA. It
is worth observing that our result for the ratio between
J/ψρ and J/ψω widths, Eq. (18), is compatible with the
corresponding experimental data, Eq. (19), within the
experimental error.
In conclusion, the results displayed here and in Refs.
[35, 62] suggest the interpretation of the X(3872) as the
superposition of a cc¯ core and meson-meson continuum
(or molecular-type) components, like DD¯∗ and so on.
On the contrary, the present results are compatible with
a “pure” bottomonium interpretation for χb(3P ) states.
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